Abstract
Introduction

23
Since the end of segregationist and discriminatory practices of Apartheid in1994, South Africa has undergone 24 profound political, social and economic transitions. Parallel to these transformations have been lifestyle 25 changes driven by rapid rates of urbanisation, from 10% in 1990 to 56% in 2005, especially among black 26 South Africans (1) . In addition to infectious diseases and a rise in non-communicable diseases, the South
27
African population also has the added burden of a high prevalence of HIV/AIDs and violence-related trauma 28 (2) , often this collection of health challenges has been referred to as the quadruple burden of disease.
30
Urbanization in low-or middle income countries (LMICs) drives changes in food habits and body composition 31 and it is associated with both health gains and risks. In South Africa, Bourne et al. showed that between 1940 -32 1992 diets among the black population shifted from a prudent pattern (>50% carbohydrate, <30% total fat, 33 ~15% protein) to one that showed a progressive increase in fat (from 16.4% to 26.2%) with a concurrent 34 decrease in carbohydrates (from 69.3% to 61.7%) (3) .
35
The worldwide prevalence of obesity has reached alarming levels (475 million) affecting both high-income 36 countries (HICs) and LMICs. Furthermore over 1 billion adults are overweight (4) .
Latest figures from South
37
Africa show that among those aged 15 years and older the prevalence of combined overweight and obesity is 38 30% among males and 55% among females (5) . Of note, black women experience the greatest burden of obesity 39 (29%) followed by women of mixed ancestry (27%), white (14%) and Indian (25%). Among men, whites 40 experience the highest levels (23%), followed by mixed ancestry (15%), Indian (11%) and then black men 41 (7%). Overweight and obesity are also on the increase among younger generations and overweight has been 42 shown to track from childhood into adulthood (6) . In a South African nationally representative study (aged 43 between 1 -9 years of age) showed that the national prevalence of combined overweight and obesity (denoted 44 by a BMI (>25 kg/m 2 ) is 17.1%
. It is suggested that dietary patterns that are developed in childhood are 45 maintained into adulthood, and poor dietary habits predispose individuals to obesity and related metabolic 46 diseases later in life (8) .
47
Among the lifestyle determinants of obesity, socioeconomic status (SES) has also been given attention (9, 10) .
48
Briefly, SES and obesity relate to each other differently depending on the gross national product (GNP) of a 49 country. Among women in HICs a higher likelihood of obesity is found in those of lower socioeconomic strata 50
, while in LMICs the burden of obesity shifts towards lower SES groups as a country's GNP increases. The 51 shift of obesity towards women within low SES groups seems to occur at an earlier stage of economic 52 development than it does among men. The switch to higher rates of obesity in women of lower socioeconomic 53 strata has been shown to occur when the GNP per capita is about $2500 (10) .
54
There is little longitudinal data and none in South Africa assessing the association between dietary behaviours 55 developed in childhood and adolescence and overweight and obesity. Thus, using longitudinal data from urban
56
South African adolescents at ages 13, 15, and 17 years part of the Birth to Twenty cohort, we investigated 57 dietary habits and household SES indicators and their associations with BMI z-score and fat mass.
59
Subjects and Methods
60
Study population, design and sample size 61 Data for this study were obtained from a longitudinal birth cohort study; The Birth to Twenty (Bt20) cohort 62 which started in 1989 (11) . Singleton children (n=3 273, 78% black participants) born between April and June 63 1990 and resident for at least 6 months in the Soweto-Johannesburg municipality were enrolled into the birth 64 cohort and have been followed up almost annually between birth and 20 years of age. Attrition over the two 65 decades has been comparatively low (30%), mostly occurring during the children's infancy and early 66 childhood; approximately 2 300 participants remain in contact with the study (12) . genetics, school performance, and sexual and reproductive health (13) .
70
Data for this current study were collected at ages 13 (n=1564), 15 (n=1586) and 17 years (n=1621). Only black 71 participants with complete data at all three ages were included in the analysis, (N=1298; 49.7% male). Dietary
72
habits data for all three ages were assessed against body composition outcomes at aged 17 years (see figure 1 ).
74
Dietary assessment and exposure variables 75 Participants completed interviewer assisted questionnaires on dietary behaviours around food choices and 76 eating practices occurring in the home, school and community, and which have been shown to be associated 77 with poor nutritional outcomes (14) (15) (16) (17) (18) (19) (20) (21) (22) . The questions determined if participants engaged in a particular eating 78 behaviour. If they did, and when appropriate, we enquired about which foods they ate (from a predetermined 79 list) and how often they ate them in the previous week. This is similar to an unquantified food frequency 80 questionnaire approach where the frequency of certain food items consumed over the recall period is recorded.
81
Further information on the tool's development and piloting can be found (23) . . This measure was log 118 transformed to improve normality. As shown by others (27, 28) , birth weight z-score was found to be associated 119 with the outcome measures for both genders therefore the outcome measures were adjusted for birth weight z-120 score by deriving the coefficient from the regression analysis of outcome on birth weight z-score. respectively from when they were 13 years old (p=0.038). 
Discussion
239
The aim of this study was to investigate adolescent dietary behaviours and their association with BMI z-score 240 and fat mass. Among males only, in both the unadjusted and adjusted models we found that sweetened 241 beverage consumption was positively associated with both BMI z-score and fat mass respectively (p<0.001).
242
These findings reflect the importance of sweetened beverage consumption in terms of the quantity and range . Furthermore in a 246 sub-study of the Bt20 cohort, individual household durable variables were shown to act as a proxies for higher 247 SE strata (32) . Among males, those from higher socioeconomic strata at birth in this environment were more 248 predisposed to overweight (denoted by BMI z-score and fat mass) than those from lower income groups.
250
Other studies have found an association between adolescent soft drink consumption and obesity in both LMICs
251
and HICs. Cross-sectional associations have been found for soft drink consumption and obesity in Saudi boys
252
(33) and then both Jamaican males and females respectively (34) . Unlike cross-sectional studies, longitudinal 253 studies are able to account for the temporal criteria of causality in that repeated observations are possible.
254
However some US longitudinal studies have found an association between soft drink consumption and obesity
255
(35) but others have not (36) . Perhaps the equivocal findings relate to the concept that soft drinks may be a 256 marker for other dietary factors or other lifestyle factors which are associated with obesity, or due to study 257 design and questionnaire nuances, including the definition of a soft drink.
258
Research into specific dietary habits associated with poor diet quality and obesity risk among adolescents has 259 focused on breakfast skipping, snack behaviours (including the influence of TV viewing on snacking), food 260 intake at school, eating the main meal with the family, fast food and sweetened beverage consumption (37) (38) (39) .
261
While a number of cross-sectional analyses have shown positive associations between eating behaviours
262
(breakfast skipping, fast food intake, soft drink consumption and eating the main meal with the family) and 
267
The longitudinal dietary patterns of this cohort show that with age both boys and girls have increasingly 268 irregular breakfast (weekday and weekend) consumption, with girls consistently skipping breakfast more often 269 than boys, findings corroborated by other studies in developing countries (45) . Eating the main meal with the 270 family decreased slightly when participants were 17 years old. In the US however, older adolescents eat with 271 their families less frequently than younger adolescents, furthermore advancing age has been associated with 272 irregular family meal consumption and poorer diet quality (46) . Although cross-sectional analyses have shown 273 that the family meal had a protective effect against obesity, longitudinal analyses have not confirmed this (38) .
275
Increased TV viewing has been shown to be associated with reduced fruit and vegetable consumption, and 276 more snacking (37) . One study found that every additional hour of TV viewed equated to an additional intake of 277 653 kJ/d (47) . In our study, the number of snacks eaten while watching TV increased with age and girls 278 consistently consumed them more frequently than boys (p<0.01).
279
US ecological data have shown that snacking (including confectionery) in adolescents has increased between 280 1977 and 2006 with around 3 snacks eaten per day which account for up to 27% of total energy intake (48) . In 281 our cohort a higher proportion of girls consumed confectionery >7 times per week than boys at all ages.
282
It is thought that bringing food from home to school is healthier than purchasing items available at the school 283 tuck shop but in this cohort lunch box usage was low (5 -20%) across all ages with boys using them less 284 regularly than girls (p<0.05). However we did show that of those who took lunch boxes to school, the five 285 most popular items were relatively healthy (brown and white bread, cheese, fruit and fruit juice) (23) .
286
SES can influence dietary intake and eating behaviours through purchasing of foods. informal food vendors which makes such energy dense foods also available to those in poorer income strata.
290
We have observed the sale of cheap snacks and fast foods both in poorer rural and more affluent urban 291 environments (49, 50) .
293
The prevalence of combined overweight and obesity was significantly higher in females than in males, which 294 is consistent with other South African research (51) . However the data show that dietary patterns are not 295 mediated by SES among this female group which is contrary to other research undertaken in HIC and LIMCs
296
(9, 10) . Perhaps the lack of evidence of a relationship between SES and obesity among females might reflect the 297 choice of indicators used in this research, for example it has been demonstrated that in men at least, the 298 SES/obesity relationship depended on the indicator under assessment (9) . Another possible reason why no 299 associations were found among females in this cohort is because we are witnessing a change in social 300 patterning of overweight/obesity, as suggested by Monteiro (10) . To conclude, we showed that among males longitudinal sweetened beverage consumption was positively and 318 significantly associated with both BMI z-score and fat mass at age 17 years. Furthermore fridge ownership at 319 birth (a proxy for higher SES in this cohort) was shown to be associated with BMI z-score and fat mass 320 respectively. 
